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APPARATUS FOR INCREASE OF AIRCRAFT LIFT AND MANEUVERABILITY 

10 Inventor 

Dale M. Pitt 

Field of the Invention 

This invention relates generally to aircraft wing configurations, and, more 
specifically, to variable aircraft wing configurations. 

1 5 Background of the Invention 

Current aircraft utilize a variety of methods to increase lift and maneuverability at 
different speeds and orientation. Such methods include leading and trailing edge flaps, 
swinging/sweeping wings, and control surface deflections. These techniques provide 
increases in wing lift, but generally less than 30% of total lift. In aircraft with variable 
20 missions, including cruise, high maneuverability and loiter tasks, there is an unmet need, 
including for unmanned aircraft, for wing configurations that can provide further increases in 
lift and maneuverability. 

Summary of the Invention 

The present invention presents a morphing airfoil system for an aircraft, thereby 
25 providing increased lift and maneuverability. The invention provides flexibility for 
increasing the lift of an aircraft, subsequently increasing its capability to maneuver. 
Increasing aircraft lift and maneuverability makes an aircraft more agile and increases its 
capability of surviving in a hostile environment. Increased aircraft performance also 
translates into increased aircraft payload capability and hence economic benefits for an 
30 aircraft owner. 
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An exemplary morphing airfoil system includes a first airfoil and a second airfoil. 
The first airfoil has a first root and a first tip, and the first airfoil is attachable to an aircraft 
near the first root. The second airfoil has a second root and a second tip, and the second 
airfoil is attachable to the aircraft with the second root near the first root. The system also 
5 includes at least one moveable connection attached to at least one of the first airfoil near the 
first root and the second airfoil near the second root. The moveable connection is arranged to 
permit movement of at least one of the airfoils from a first position with the first airfoil tip 
and the second airfoil tip near each other to a second position with the first airfoil tip and the 
second airfoil tip spaced apart from each other. 

10 According to an aspect of the invention, the tips of the first airfoil and the second 

airfoil may move away from each other with a component perpendicular to their chords. In 
another aspect of the present invention the tips may move away from each other in a 
direction with a component parallel to their chords. 

In a further aspect of the present invention, the morphing airfoil system includes an 

15 endplate attached to the first airfoil near the first airfoil tip, and attached to the second airfoil 
near the second airfoil tip. 

Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described in 
detail below with reference to the following drawings. 
20 FIGURE 1A is a cross section view of an exemplary morphing wing system of the 

present invention in a consolidated configuration; 

FIGURE IB is a cross section view of an exemplary morphing airfoil system of the 
present invention in a separated configuration; 

FIGURE 2A is a front view of an aircraft with an exemplary morphing airfoil system 
25 of the present invention in a consolidated configuration; 

FIGURE 2B is a forward view of an aircraft with an exemplary morphing airfoil 
system of the present invention in a separated configuration; 

FIGURE 3 A is a front view of an aircraft with an exemplary morphing airfoil system 
with an endplate of the present invention in a consolidated configuration; 
30 FIGURE 3B is a front view of an aircraft with an exemplary morphing airfoil system 

with an endplate of the present invention in a separated configuration; 

FIGURE 4A is top view of an aircraft with a exemplary morphing airfoil system of 
the present invention in a consolidated configuration; 

FIGURE 4B is a top view of an aircraft with an exemplary airfoil morphing system of 
35 the present invention with the airfoils in a separated configuration; 
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FIGURE 5A is a perspective view of an exemplary aircraft of the present invention 
with an airfoil morphing system in a consolidated configuration; and 

FIGURE 5B is a perspective view of an exemplary aircraft of the present invention 
with an airfoil morphing system in a separated configuration. 



The present invention provides a system for a morphing or changing aircraft airfoil. 
Given by way of overview, in one embodiment of the present invention, the morphing airfoil 
system includes a first airfoil having a first root, first span, first chord, and first tip. The first 
airfoil is attachable to an aircraft near the first root. The system includes a second airfoil 

10 having a second root, second span, second chord, and second tip. The second airfoil is 
attachable to the aircraft with the second root near the first root. At least one moveable 
connection is attached to at least one of the first airfoil and the second airfoil near their 
respective roots. The moveable connection is arranged to permit movement of at least one of 
the first airfoil and the second airfoil from a first position with their tips near each other to a 

15 second position with their tips spaced apart from each other. The tips suitably may be 
separated through movement with a component parallel to the airfoil chords and/or 
movement perpendicular to the airfoil chords. The system suitably may include an endplate, 
which may include a third airfoil, connecting the two airfoils linked to the two airfoils near 
their respective tips. 

20 Referring to FIGURE 1A, an exemplary morphing airfoil system 10 is shown in cross 

section. An upper airfoil 14 and a lower airfoil 18 are in a consolidated configuration. In the 
consolidated configuration, the two airfoils 14 and 18 are positioned near each other. By 
way of example and not limitation, the two airfoils 14 and 18 adjoin and touch each other 
across their chord from the leading edge 28 to the trailing edge 30 of the system 10. When 

25 the upper airfoil 14 and lower airfoil 18 are near each other they form a single combined 
airfoil with a separation surface 20 between them. 

It will be appreciated that a variety of airfoil shapes may be utilized for the upper 
airfoil 14 and the lower airfoil 18. In the consolidated configuration, the upper airfoil 14 and 
the lower airfoil 18 suitably do not touch over all or part of their chords 26 when they are 

30 near each other, as shown in FIGURE 1 A. Additional devices, such as flexible or moveable 
leading edge or trailing edge covers or baffles (not shown) suitably may be utilized to 
decrease drag when the upper airfoil 14 and the lower airfoil 18 are near each other in the 
consolidated position. 



35 configuration. FIGURE IB is a cross section showing the upper airfoil 14 in the separated 
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Detailed Description of the Invention 



FIGURE IB shows the morphing airfoil system 10 of FIGURE 1A in a separated 
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configuration spaced apart from the lower airfoil 18 by a separation distance 24 in a direction 
perpendicular to the chords 26 of the upper airfoil 14 and the lower airfoil 18. By way of 
example and not limitation, the system 10 also may suitably accommodate separation of the 
upper airfoil 14 away from the lower airfoil 18 with a component in a direction parallel to 
their respective chords 26. This is accommodated by moving either the upper airfoil 14 or 
the lower airfoil 18 forward or aft, or moving one forward and one aft, thereby resulting in a 
stagger of the upper airfoil 14 and lower airfoil 18 away from each other. In the exemplary 
embodiment shown in FIGURE IB, the upper airfoil 14 is staggered forward of the lower 
airfoil 18. This leaves the leading edge 28 of the upper airfoil 14 forward of the leading edge 
28 of the lower airfoil 18 by a stagger distance 22. 

FIGURE 2A shows an aircraft left wing 64 incorporating an exemplary embodiment 
of the present invention installed on an aircraft fuselage 60. In this view, from the forward 
end of the aircraft looking toward the wing 64, the upper airfoil 14 and the lower airfoil 18 
are in a consolidated position near each other. In this exemplary embodiment, the upper 
airfoil 14 and the lower airfoil 18 are in contact with each other along their entire spans 32 
and 33, respectively, from their roots 36 and 37, respectively, to their respective tips 34 and 
35. The upper airfoil 14 and the lower airfoil 18 are in contact with each other along a 
separation surface 20 along the entire span of the wing 64. The upper airfoil 14 and the 
lower airfoil 18 are joined to the fuselage 60 at their respective roots 36 and 37. At the roots 
36 and 37 is a morphing joint 66. By way of example, and not limitation, the morphing joint 
in the embodiment in FIGURE 2A includes a hinge (not shown) that joins the fuselage 60 to 
the upper airfoil 14 and the lower airfoil 18. This permits the tips 34 and 35 of the upper 
airfoil 14 and lower airfoil 18 to be moved away from each other when the wing 64 is in a 
separated configuration as shown in FIGURE 2B described below. In the consolidated 
configuration, in this example, both the roots 36 and 37 and the tips 34 and 35 of the two 
airfoils 14 and 18 are near each other. 

FIGURE 2B shows the wing 64 of FIGURE 2A in the separated position with the 
upper airfoil 14 separated from the lower airfoil 18 at an angle a, with the vertex of the angle 
a at the roots 36 and 37. The upper airfoil 14 is joined to the aircraft fuselage 60 at the 
morphing joint 66. The lower airfoil 18 is also joined to the fuselage 60 at or near the 
morphing joint 66. The morphing joint 66 permits the upper airfoil 14 to separate away from 
the lower airfoil 18 at their respective tips 34 and 35 while their respective roots 36 and 37 
remain near each other where they are attached to the fuselage 60. Separating the upper 
airfoil 14 from the lower airfoil 18 by separating their tips 34 and 35 while keeping their 
roots 36 and 37 near each other results in the separation angle a between the airfoils 14 and 
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18. This produces a separation distance 24 between the tips 34 and 35. It will be appreciated 
that if an aircraft has two opposing wings, like the wing 64 in FIGURES 2A and 2B, the 
morphing wings form an "X" configuration when the upper airfoils 14 and lower airfoils 18 
are in the separated position. The intersection of the "X" is at the fuselage 60 of the aircraft. 
5 It will be appreciated that the morphing wing 64 shown in FIGURE 2A and 2B may also 
accommodate a swing or stagger by accommodating movement or swing (not shown) of the 
upper airfoil 14 or the lower airfoil 18 forward or aft, or both. This results in separating their 
tips 34 and 35 parallel with their chords (not shown). Such movement of the tips 34 and 35 
parallel to the wing 10 chords (not shown) is not visible in the front views (FIGURES 2 A 
10 and2B). 

It will be appreciated that the morphing joint 66 may be any suitable mechanical or 
material joint joining one or both of the upper airfoil 14 and lower airfoil 18 to the fuselage 
60 that permits the tips 34 and 35 of the upper airfoil 14 and lower airfoil 18 to be alternately 
near each other and separated away from each other. By way of example, and not limitation, 

15 such a morphing joint 66 may advantageously be a hinge (not shown) attached to one of the 
upper airfoil 14 or the lower airfoil 18. Such a hinge suitably and relatively simply 
accommodates movement of the airfoil tips 34 and 35 towards each other and away from 
each other. Alternate morphing joints may include flexible materials, pivots, and hinges 
involving both airfoils 14 and 18. Typically the angle of separation a between the upper 

20 airfoil 14 and the lower airfoil 18 in a separated configuration with their tips 34 and 35 away 
from each other would be an acute angle. 

Wind tunnel testing indicates that in a separated configuration the lift produced by a 
morphing airfoil as shown in FIGURE 2B may be increased by nearly 100%, and the stall 
angle of the aircraft may also increased by up to 50% when the airfoils 14 and 18 are in the 

25 separated position. 

Typically a morphing airfoil system may be utilized to increase lift for takeoff and 
landing, hi-g maneuvers, and high altitude loitering. Such configurations provide increased 
lift and maneuverability. In other conditions, the morphing airfoil system may have the 
upper airfoil 14 and lower airfoil 18 consolidated for highspeed dashes or level flight at 

30 altitudes and payload configurations where extra lift of the separated morphing airfoil system 
may not be desired. 

Turning to FIGURE 3A, it will be appreciated that the morphing airfoil system as 
shown in FIGURES 2 A and 2B may be suitably adapted to include an endplate 80 that joins 
an upper airfoil 72 to a lower airfoil 74 near the upper airfoil tip 78 and the lower airfoil tip 
35 82. In FIGURE 3A, a morphing wing 70 is attached to an aircraft fuselage 60. FIGURE 3A 
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is a front view of the wing 70, which includes an upper airfoil 72 and a lower airfoil 74 in 
their consolidated configuration. The upper airfoil 72 and the lower airfoil 74 touch along 
their spans 32 and 33 respectively along a separation surface 20, when the upper airfoil 72 is 
near the lower airfoil 74. In this example embodiment, the upper airfoil 72 is joined at its 
5 root 36 to the fuselage 60 at or near a morphing joint 76. The lower airfoil 74 is also joined 
to the fuselage 60 at or near its root 37 at or near the morphing joint 76. The morphing joint 
76, as in the system described in connection with FIGURES 2A and 2B, suitably allows the 
upper airfoil 72 and the lower airfoil 74 to separate from each other at their tips 78 and 82 
respectively. This occurs while their roots 36 and 37 remain near each other where the upper 

10 airfoil 72 and lower airfoil 74 are attached to the fuselage 60. In FIGURE 3 A the upper 
airfoil 72 has a tip 78 which is linked through a morphing joint 79 to a first end 85 of an 
endplate 80. At an opposite end 87 of the endplate 80, the endplate 80 is joined to the lower 
airfoil tip 82 at a tip morphing joint 83 near the tip 71 of the wing 70. In the consolidated 
position, the endplate 80, upper airfoil 72, and lower airfoil 74 all form a single airfoil 

15 touching each other along the surface 20 along the span 73 of the wing 70. In this exemplary 
wing 70, by way of example but not limitation, the upper airfoil 72 has a span 32 
approximately 2/3 the span 33 of the lower airfoil 74. The span 89 of endplate 80 is 
approximately 1/3 the span 33 of the lower airfoil 74. The upper airfoil 72 joined end to end 
with the endplate 80 form a combined span of the same span 33 as the lower airfoil 74. 

20 Thus, when the wing 70 is in the consolidated configuration, the upper airfoil 72 and the 
endplate 80, combined end to end, rest against the lower airfoil 74 over the entire span 73 of 
the wing 70. This suitably forms a single combined airfoil. The system 70 also includes a 
morph joint 76 at the roots 36 and 37, respectively of the upper airfoil 72 and lower airfoil 
74. 

25 FIGURE 3B shows the morphing wing 70 of FIGURE 3A in a separated 

configuration, with the upper airfoil 72 and the lower airfoil 74 away from each other at their 
respective tips 78 and 82. The upper airfoil 72 and lower airfoil 74 are also near each other 
at their respective roots 36 and 37 where they are joined near the root morph joint 76 to the 
fuselage 60. The upper airfoil 72 and the lower airfoil 74 form an angle j3 with a vertex at or 

30 near their roots 36 and 37 at or near the morphing joint 76. The endplate 80 joins the tip 82 
of the lower airfoil 74 to the tip 78 of the upper airfoil 72. The first end 85 of the endplate 80 
is joined to the upper airfoil 72 near the tip 78 of the upper airfoil 72, at an upper endplate 
morph joint 79. The opposite end 87 of endplate 80 is joined to the tip 82 of the lower airfoil 
74 at a lower endplate morph joint 83. A combination of movement at the morph joint 76 at 

35 the fuselage 60, the upper endplate morph joint 79, and lower endplate morph joint 83 
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accommodate the motion of the upper airfoil 72 and the lower airfoil 74 away from each 
other at their respective tips 82 and 78 while still permitting the tips 82 and 78 to be joined to 
the endplate 80. The endplate 80 suitably structurally joins the upper airfoil 72 to the lower 
airfoil 74, thereby increasing the strength of the wing 70. The wing 70 (along with the two 
airfoils 72 and 74 joined by the endplate 80) also has the benefit of a "endplate" effect. This 
is aerodynamic benefit of having the airfoil tips 72 and 74 attached to a deflecting surface, as 
is sometimes obtained in aircraft using wingtip winglets. The endplate 80 itself typically 
may have an airfoil shape. In this embodiment, the endplate 80 joining the tips 78 and 82 of 
the upper airfoil 72 and the lower airfoil 74, respectively, suitably provides an aerodynamic 
endplate effect to the wing 70. It will be appreciated that the morphing joints 76, 79 and 83 
and one or more of the upper airfoil 72, lower airfoil 74, and endplate 80 may change length 
to permit the upper airfoil 72 to rotate away from the lower airfoil 74 when the wing 70 is in 
the separated configuration. In this example embodiment, the upper airfoil 72 separates from 
the lower airfoil 74 at a constant angle j3 with an increasing distance between the two airfoils 
as one proceeds further away from the roots 36 and 37. In the separated configuration, the 
upper airfoil 72, endplate 80 and lower airfoil 74 form a triangular shaped wing 70 with the 
endplate 80 linking the two tips 82 and 78 of the upper airfoil 72 and the lower airfoil 74. 

It will be appreciated that the respective lengths of the upper airfoil 72, lower airfoil 
74, and endplate 80 may be variable so that the airfoils 72 and 74, and endplate 80 suitably 
may rest against each other in a consolidated configuration, and separate from each other 
forming a triangle in the separated configuration. It will also be appreciated that with 
advanced materials part or all of the components, upper airfoil 72, endplate 80, and lower 
airfoil 74, and their accompanying morph joints 76, 79 and 83 may be flexible and not rigidly 
linear components. As described in connection with FIGURES 2A and 3B, the morph joint 
suitably may include hinges, pivots, or flexible materials. 

It will be appreciated that the morphing wings of the present invention may be moved 
between their consolidated positions and their separated positions by a variety of 
mechanisms. Electrical or hydraulic drives (not shown) may move the airfoils between their 
consolidated and separated positions. Further, one or more aerodynamic control surfaces 
(not shown) on the airfoils themselves advantageously may fly the airfoils together and apart, 
from their consolidated position to their separated position, and back, with or without further 
power mechanisms. 

FIGURE 4 A is a top view of an exemplary morphing wing 110 attached to a fuselage 
60. The wing 1 10 is in a consolidated position, thereby forming a single airfoil 111. By way 
of example and not limitation, the airfoil 1 1 1 is linked to the fuselage 60 at a morph joint 
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166. In this embodiment, by way of example and not limitation, the morph joint 166 is at 
least in part a pivot. This allows components of the airfoil 1 1 1 of the wing to pivot forward 
as shown in FIGURE 4B, described below. In the consolidated position, as shown in 
FIGURE 4A, the wing 110 forms a single airfoil 1 1 1 with a single tip 34, a leading edge 28, 
5 a trailing edge 30 and a root 36 connected to the morphing joint 166 at the fuselage 60. In 
this embodiment, the upper airfoil 116 and lower airfoils (not visible in this view, being 
covered by the upper airfoil 116) of the wing 110 are suitably situated with their spans 32 
parallel and overlapping with each other, with the upper airfoil 116 above the lower airfoil 
(not shown), thereby forming the single airfoil 111. 

10 In FIGURE 4B the exemplary wing 110 of FIGURE 4a is shown in a separated 

position with the upper airfoil 116 and lower airfoil 114 swung or swept away from each 
other at an angle A with a vertex at the morph joint 166. In this example, the tip 117 of the 
upper airfoil 116 has swung forward while the upper airfoil 116 root 119 remains in a 
relatively fixed position pivoting at the morph joint 166 within the fuselage 60. The tip 115 

15 of the lower airfoil 114 has swept aft while the lower airfoil 114 root 113 remains relatively 
fixed, pivoting at the morph joint 166 within the fuselage 60. In this embodiment the tips 
117 and 115, respectively, of the upper airfoil 116 and the lower airfoil 114 separate or 
scissor open with a component parallel to their chords 1 12 and 118, respectively, while their 
roots 113 and 119 remain near each other. 

20 It will be appreciated that an aircraft with two opposite wings (not shown) 

incorporating the wing 110 of FIGURE 4B, in the separated configuration would show an 
"X" shape when viewed from above, with their respective tips right and left separated and 
their central roots joined at the intersection of the "X" at the fuselage 60. The morphing of 
the wing 1 10 swinging the upper airfoil 116 forward and the lower airfoil 1 14 aft results in a 

25 separation distance or stagger 22, between the forward leading edges 123 and 121, 
respectively, of the upper airfoil 116 and lower airfoil 114. 

By way of example and not limitation, a morphing joint 166 permitting one or both of 
the upper airfoil 116 and lower airfoil 114 to swing or sweep forward or aft may suitably 
include a pivot. It will be appreciated that sweeping of the upper airfoil 116 and lower airfoil 

30 114 with a component parallel to their chords 118 and 112 may be combined with a roll 
component (not shown) moving the tips 117 and 115 away from each other with a 
component perpendicular to their chords 118 and 1 12 in the manner described in connection 
with FIGURES 2A, 2B, 3A and 3B. Such a configuration would include separation of the 
tips 1 17 and 1 15 of the upper airfoil 1 16 and lower airfoil 1 14 forward and aft and vertically 
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with respect to the fuselage 60. At their roots 1 13 and 1 19, the upper airfoil 116 and lower 
airfoil 114 would remain near each other within the fuselage 60. 

FIGURE 5A shows an aircraft 280 with morphing wings 284 according to an 
embodiment of the present invention. The aircraft 280 includes a fuselage 60 and an engine 
5 62. In FIGURE 5A the wings 284 are shown in a consolidated configuration, so the 
component airfoils for each of the two wings 292 and 294 are not visible. The wings 292 and 
294 are joined to the fuselage 60 with morph joints 290 at their roots 236. In the 
consolidated configuration shown in FIGURE 5 A, the aircraft has two wings, one each on 
opposite sides of the fuselage 60 with each wing 292 and 294 composed of a single combined 

10 airfoil, from their roots 236 to their tips 234 airfoil. 

FIGURE 5B shows the aircraft of FIGURE 5A with the wings 284 in a separated 
configuration. The aircraft 280 includes a fuselage 60 and an engine 62. In the separated 
configuration, the wings 292 and 294 are each separated into upper airfoils 286 and lower 
airfoils 288. The airfoils 286 and 288 are separated from each other at their tips 234 by a 

15 separation distance 224 which has a component perpendicular to the wing chord, and a 
component parallel to the wing span. In other words, the tips 234 of each airfoil are 
separated from their counterpart tip by a sweep or stagger (yaw rotation with respect to the 
fuselage 60), as well as vertically (roll rotation with respect to the fuselage 60). In the 
separated configuration, the aircraft 280 has four airfoils, because each wing 292 and 294 on 

20 each side of the fuselage 60 of the aircraft 280 is separated into upper 286 and lower 288 
airfoils. It will be appreciated that the aircraft 280 of FIGURE 5B when viewed from the 
front will show an "X" shaped airfoil configuration with the tips 234 of the right and left 
wings 292 and 294 separated at their tips and joined at their roots 236. In this example the 
upper and lower airfoils 286 and 288 of each wing 292 and 294 are joined to the fuselage 60 

25 by a morphing joint 290. It will also be appreciated that the aircraft 280 of FIGURE 5B 
when viewed from the side in the separated configuration will show the wing tips 234 on 
each side separated vertically from each other, with one slightly forward of the other. In the 
separated configuration as in FIGURE 5B, the aircraft 280 gains increased maneuverability 
and lift. In the consolidated configuration as in FIGURE 5A, the aircraft 280 suitably attains 

30 greater speed with less drag where dash capabilities are desired. Separation angles between 
the upper and lower airfoils 286 and 288 include angles between around 15 degrees and 
around 37.5 degrees. At these angles, the separated wings 292 and 294 provide more lift for 
comparable of drag as compared to the wings 292 and 294 in the consolidated configuration. 
While the preferred embodiment of the invention has been illustrated and described, 

35 as noted above, many changes can be made without departing from the spirit and scope of the 
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invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 
the claims that follow. 
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